Sterols and fatty acids were studied for foam samples from lakes of Wright Valley in the Dry Valleys of south Victoria Land, Antarctica. Sterols, cholesta-5 ,22-dien-313-ol, cholest-5-en-3j3 ol, 24-methyl cholesta-5,22-dien-3(3-ol, 24-methylcholest-5-en-3(3-ol, 24-ethylchlesta-5 ,22-dien-3(3-ol, 24-ethylcholest-5 en-3(3-ol and 5a-cholestan-313-ol, and fatty acids ranging from C10 to C28 , including n-alkanoic, branched (iso and anteiso) and unsaturated acids were found in the foam samples. The dominant sterol was cholest 5-en-3/i-ol or 24-ethylcholest-5-en-3a-ol. The sterol and fatty acid compositions of the foam samples are similar to those of epibenthic organisms (mainly cyanobacteria). The sources of the sterols and fatty acids are most likely cyanobacteria. In addition, these lipid components were concentrated considerably in the foams.
INTRODUCTION
Foaming of natural water is well known phenomena, and has been studied by many investigators.
Stable foams associated with the seasonal prevailing winds and typhoon are also observed in the coastal regions of Japan (Sugiura, 1964) .
It is suggested that foaming of marine and lacustrine waters are due to the action of strong winds and wave, biological activity, changing of water temperature and urban industrial activity (Blanchard and Woodcock, 1957; Sugiura, 1964) . It is believed that, when foams burst at the air-sea interface, seawater droplets are produced into the atmosphere, and the salts nuclei from the droplets play important roles not only in the precipitation process, but in the material cycle from ocean to the atmo sphere and to the continent (Woodcock et al., 1953; Toba, 1959) .
In the early summer of Antarctica, a number of foams have also been found in the lakeshore and riverside. It is expected that foams con centrate lipid organic constituents originated from living organisms and their detritus in the drainage basin and might also be due to dry and wet fallouts accumulated in the frozen winter.
As we know, however, little is known on organic constituents in natural marine and lacustrine foam samples from places including Antarctica.
Here we first report sterols and fatty acids in Antarctic foams from the Dry Valleys of south Victoria Land.
MATERIALS AND METHODS

Samples
Foam samples were collected from the lakeshore of Bull Lake and Lake Vanda, and an unnamed pond at the Labyrinth of Wright Valley of south Victoria Land in Antarctica, using a small stainless steel scoop (Fig. 1) . The samples were taken in a glass bottle or polyethy lene bag, transported to laboratory by air and kept at -20'C until analyses. The foam samples from Bull Lake were dry and contained silt and 
Analyses of sterols and fatty acids
The foam samples were washed 5 times with 10mQ distilled water in a separating funnel and extracted 3 times with ethyl acetate (50mQ X 3). The ethyl acetate extracts of the samples from Lake Vanda and L-19 pond were concentrated to dryness and hydrolyzed with 0.5M potassium hydroxide methanol (80°C, 2h). In order to determine the relative abundances of free and ester fatty acids, the ethyl acetate extracts of two Bull Lake samples were concentrated to dryness and then were fractionated into benzene and 0.2M potassium hydroxide aqueous solu tion.
Benzene fractions were concentrated and hydrolyzed (ester fraction).
The alkaline layers were extracted with ethyl acetate after acidifica tion with hydrochloric acid (free fraction). The analytical methods were described in detail elsewhere (Matsumoto and Hanya, 1977; Matsumoto et al., 1979 Matsumoto et al., , 1982 Matsumoto et al., , 1984a . Briefly, the ethyl acetate extracts were chromatographed on a silica gel column (180 X 5 mm i.d., 100 mesh, 5% water).
Sterols as trimethylsilyl derivatives and fatty acids as methyl esters were determined using a combined Shimadzu LKB 9000 gas chromatograph-mass spectrometer. A silanized glass column (2m X 3mm i.d.) was packed with 1.5% silicone OV-101 on 80-100 mesh Chromosorb W AW DMCS. The flow rate of carrier gas (He) was 30mQ/min. Column tem perature was programmed from 100 to 290'C at 8°C/min. The injection block, molecular separator and ion source were maintained at 300, 310 and 330°C, respectively. Mass frag mentogram was recorded at 5 or 10mm/min with gains of 1-4. Scan speed of mass spectra was about 6 sec over the ranges of m/z 20-600. Each compound, identified by comparison of retention time and mass spectrum with those of authentic standards or literature data, was quan tified from the peak area on the mass fragmento gram or gas chromatogram monitored with a total ion collector. The analytical uncertainty was within ± 12 %.
RESULTS AND DISCUSSION
Concentration of sterols and fatty acids in foams
The formation of stable foams are con sidered to be due to the contribution of surface active organic molecules. Sugiura (1964) suggested the concentration of dissolved organic matter, such as chlorophyll and suspended particles in the films of foams formed in sea water. Dry foams and foams containing small amounts of surface water (less than 30mQ) were used for this study. The amounts of sterols ranging from 0.57 to 31µg/sample are much smaller than those of fatty acids (54-4600µg/ sample (Table 1) . They are, however, con siderably greater than those of lake and river waters from the Dry Valleys (0.1-1.4µg/Q and 2.5-61µg/Q, respectively; Matsumoto and Hanya , 1977; Matsumoto et al., 1979 Matsumoto et al., , 1984a Matsumoto et al., , 1984b . Thus our results revealed that sterols and fatty acids are concentrated more than 190 and 730 times in foams as compared with lake and river waters, respectively. It is suggested that these lipid components play an important role in the foaming process of lake and river waters.
Unfortunately, the ratios of particulate and dissolved forms of sterols and fatty acids in foams were not determined.
These organic molecules may occur both in particulate and dissolved forms.
Naked eye observations of foams, however, showed that algal fragments were small in amount.
Free fatty acids are thought to be present in foams as dissolved form (Table 1) . (Table 2) . Cholestanol was found only in the L-19 pond sample. These sterols have also been found in lakewaters and sediments from Antarctica, including the Dry Valleys' samples (Matsumoto et al., 1982 (Matsumoto et al., , 1983 (Matsumoto et al., , 1984a (Matsumoto et al., , 1984b . The most dominant sterol of the Bull Lake samples is 24-e thylch ole sterol. Thus the C29/C27 sterol ratios are considerably high (1.3 and 1.4, Table 2 ). The higher C29/C27 sterol values are also found in waters of Lake Vanda and lake and pond sediments of the Dry Valleys (Matsumoto et al., 1982 (Matsumoto et al., , 1984a (Matsumoto et al., , 1984b .
Sterols
Many kinds of organisms including bacteria, Cholesta-5,22-dien-3p-ol, cholest-5-en-3(i-ol fungi, cyanobacteria (blue-green algae), algae, .lichen and mosses are distributed in the Dry Valleys, although mosses and lichens are not abundant in the areas studied.
Bacterial con tribution on the sterols is unlikely, because the percentages of branched acids are considerably small (Tables 3 and 4 ). The dominant sterol of fungi is ergosterol which was not detected in our samples.
Therefore, we compared here the sterol composition of epibenthic organisms composed mainly of cyanobacteria and diatoms (Table 2 ). The similarity of the sterol composi tion showed that these organisms, which are widely distributedd there, are important sources of our sterols.
Fatty acids
Fatty acids ranging from carbon chain lengths of C10-C28, including branched (iso and anteiso) and unsaturated acids were found in all the foam samples studied, together with the dominance of even-carbon numbers (Tables 3  and 4 ). The major constituents were nC16, nC18 and unsaturated-C16 and -C18 acids. Ester fractions comprised more than 70% of the total fatty acids in the Bull Lake samples (Table 1) . The fatty acid composition of free fractions is similar to that of ester fractions (Table 3) . Surprisingly, the unsaturated acids in the Bull Lake-1 and L-19 pond samples comprise greater than 80% of the total acids, while n-alkanoic acids with short-chain lengths (nC10-nC19) were abundant in the samples of the Bull Lake-2 and Lake Vanda (Table 4 ). Mass spectra showed that these unsaturated components comprised mainly monoenoic-C16 and mono-, di and trienoic-C18 acids. The higher percentages of unsaurated acids were found in epibenthic organisms from Lake Vanda. In addition, it has also been observed in the depth of 55m of Lake Vanda (Matsumoto and Hanya, 1977; Matsu moto et al., 1984a) .
The percentages of branched (iso and anteiso) acids were consider ably small (0.4-1.9%), suggesting that the con tribution of bacteria is low, because it is known that the branched acids occur in considerable proportion in bacterial lipids (Leo and Parker, 1966; Kaneda, 1967; Tornabene and Oro, 1967) . The percentages of n-alkanoic acids with long-chains (nC20-nC32) were extremely small (0.2-0.8%), implying that the contribution of soil fatty acids is small, because soils in the Dry Valleys contain very long chain n-alkanoic acids extending to C40 (Matsumoto et al., 1981) . In addition, the n-alkanoic acids with even-carbon numbers were abundant in all the samples. Thus the Short (nC10-nC19)/Long (nC20-nC28) ratios and the Even/Odd-carbon values for n-alkanoic acids ranging from 35 to 260 and from 14 to 29, respectively, were considerably high and were similar to those of epibenthic organisms from the Dry Valleys (Table 4 ). The similarity of the composition of the acids between foams and epibenthic organisms indicate again that the latter are important sources of fatty acids in foam samples.
